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㻞㻜㻝㻢 ➨ 㻡㻣ᅇ 㻵㻹㻻㤶 ኱఍㻌
᪥ᮏ௦⾲ 㖟࣓ࢲࣝ 㻞ྡ㸦㻞㻜㻝㻢ᖺ 㻣᭶㸧㻌 㻌
㻞㻜㻝㻣 ➨ 㻡㻤ᅇ 㻵㻹㻻ࣈࣛࢪࣝ኱఍㻌
᪥ᮏ௦⾲ 㖟࣓ࢲࣝ 㻝 㻌ྡ㖡࣓ࢲࣝ 㻝 㻌ྡ
   㸦㻞㻜㻝㻣ᖺ㻣᭶㸧㻌
㻞㻜㻝㻤 ➨ 㻡㻥ᅇ 㻵㻹㻻࣮࣐ࣝࢽ࢔኱఍㻌
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ࠩ͸ (n + 1) − n = 1Ͱ͋Δɻ͕ͨͬͯ͠ɺn
ͱ n + 1 ͷ࠷େެ໿਺͕ 1 Ͱ͋Δ͜ͱΛࣔͤ
͹Α͍ɻn ͱ n + 1 ͷ࠷େެ໿਺͕ d Ͱ͋Δ
ͱ͢Δͱɺ̎਺ͱ΋ d ͷഒ਺ʹͳΔɻ͜ͷͱ
͖ɺഒ਺ͷੑ࣭͔Β (n+ 1)− n͸ dͷഒ਺Ͱ























՝୊̎ ࿈ଓ ͍ͯ͠ͳ͍ ̎ͭͷࣗવ਺͕͋
Δɻ͜ͷͱ͖ɺࠩͱ࠷େެ໿਺͕౳͍͠ͱ͍
͏ɻͦͷΑ͏ͳ̎ͭͷࣗવ਺͸͋Δ͔ɻ
ྫ͑͹ (3, 6) ΍ (12, 24) ͱ͍͏ྫ͸͙͢ʹݟ
͔ͭΓɺ͙͢ʹʮഒ਺ʯͱ͍͏Ωʔϫʔυ͕
ग़ͨɻ൴Βʹݟ௨͕͋͠Δ͜ͱ͸෼͔͕ͬͨ
දݱͱͯ͠͸ෆे෼Ͱ͋Δɻʮ(n + 1) ͱ n ͸
ޓ͍ʹૉ͔ͩΒɺd ഒͨ͠ͱ͖͸ͦͷ d ͕࠷
େެ໿਺ʹͳΔ (d = 1)ʯͱ͍͏ࠜڌΛҾ͖
ग़͢ඞཁ͕͋Δɻࠩʹ͍ͭͯ͸จࣈࣜͷܭࢉ
Ͱ d(n + 1) − dn = d ͱදݱͰ͖Δɻ͜Ε͸










͙͢ʹ (1, 2, 3) ͕߹க͠ͳ͍͜ͱʹؾ͕෇͍










਺͸ 2n, 2n+1, 2n+2ͱදͤΔɻ͜ͷ͏ͪɺ࿈
ଓ͍ͯ͠Δ͸͡Ίͷ̎ͭͱޙΖͷ̎ͭ͸ޓ͍
ʹૉͳͷͰ୊ҙΛຬͨ͢ɻ2nͱ 2n+2ʹ͍ͭ
ͯߟ͑Ε͹ྑ͍ɻࠩΛͱΔͱ (2n+2)−2n = 2
Ͱɺ͜ Ε͸ɺ͸͡·Γͷ՝୊ͷࣜ (n+1)−n = 1
ͷ྆ลΛ 2 ഒͨ͠΋ͷͰ͋Δɻ͕ͨͬͯࠩ͠
ͱ࠷େެ໿਺͸ 2Ͱ౳͍͠ɻ




Կഒ͔͢Ε͹͙͢ʹग़དྷΔɻͨͱ͑͹ (2, 3, 4)
Λશ෦̎ഒͯ͠ 4, 6, 8 ͱ͔ɻʯͱؼ݁͢Δதɺ







































ͨͱ͑͹ɺ12ͷ໿਺͸ 1, 2, 3, 4, 6, 12Ͱɺࣗ෼
ࣗ਎Ҏ֎ͷ 2, 3, 4ΛͦΕͧΕ 12ʹ଍ͯ͠ฒ΂
Δͱɺ
(12, 12 + 2, 12 + 3, 12 + 4) = (12, 14, 15, 16)







ͱ͸ݶΒͳ͍ɻͨͱ͑͹ 8 ͷ໿਺͸ 1, 2, 4, 8
Ͱɺ(1, 2, 4)͸߹க͠ͳ͍̏ͭ૊͕ͩɺ




(18, 18 + 3, 18 + 6, 18 + 9) = (18, 21, 24, 27)
ͱͳΓɺ21ͱ 27͕߹க͠ͳ͍ͷͰ͋Δɻ－ 36 －
ط໿ʹͯ͠ (1, 2, 3) ͱͯ͠΋ɺ(18, 19, 20, 21)
Ͱ 19ͱ 21͕߹க͠ͳ͍ɻ
؍࡯̏ AΛࣗવ਺ͱ͢Δͱ͖ɺ
A(A+1), A(A+2), (A+1)(A+1), (A+1)(A+2)
͕୊ҙΛຬͨ̐ͭ͢૊ʹͳ͍ͬͯΔɻͨͱ͑
͹ A = 4 Λ୅ೖͯͦ͠ͷࣜͷ஋ΛٻΊͯΈ
Δͱɺ





(A + 1)2 Ͱ͋ΔͨΊɺ͜ͷެࣜͰ࡞ΒΕΔ̐
ͭ૊ʹ͸ฏํ਺͕ඞؚͣ·ΕΔ͜ͱʹؾͮ͘ɻ





Λ΋ͨΒͨ͠ɻ(40, 42, 44, 45)͔Βɺ




͑ͣ 2, 3 ΛૉҼ਺ʹ࣋ͪɺ͔ͭ͜ΕΒͷ਺
ʹ͍ۙ 48 = 24 × 3 Ͱ΍ͬͯΈͨΒ্ख͘
͍ͬͨΑ͏ͩɻಉ༷ͷߟ͑Ͱ 36 Λ௥Ճͨ͠
(36, 40, 42, 44, 45, ) ΋̑ͭ૊ʹͳ͍ͬͯΔ͜
ͱΛൃݟͰ͖ͨɻ͞Βʹɺ5ΛͲ͏ʹ͔ͯ͠࢖
͍͍ͨάϧʔϓ͸ 72, 75, 76, 78, 80ͱ͍͏ྫͷ
ൃݟʹࢸΔɻ
؍࡯̐ Ͳͷط໿ͳྫ΋ح਺͕̍ݸ͔͠ͳ͍ɻ
۩ମྫͰ (4, 6, 8)͸߹க͢Δྫ͕ͩɺ͢΂ͯ 2













਺͕ 2 ͰׂΕͳ͍ʹ 2 Ͱ 0 ճׂΕΔɺ2 ͸ 1
ճɺ4͸ 2ճׂΕΔɻح਺ͷલޙʹ͸ͲͪΒ͔







(20, 24, 25, 30)ʹରͯ͠΋ɺ͢΂ͯૉҼ਺෼ղ
ͯ͠ΈΔͱ












ྫ͑͹ɺ୊ҙΛຬͨ̐ͭ͢૊ͷ (8, 9, 10, 12)
Λ (0, 8, 9, 10, 12)ͷΑ͏ʹԾʹ̑ͭ૊ͱݟΔɻ
8, 9, 10, 12ͷ࠷খެഒ਺͸ 360͔ͩΒɺશ෦ʹ
͜ΕΛ଍ͯ͠































ݪ୊. ࡾ֯ܗ ABCͷ௖఺ Aʹ a܅͕͍Δɽa܅
͸ 1෼͝ͱʹɼͱͳΓͷ௖఺ʹҠಈ͢Δ͔ɼ·ͨ
͸ݱࡏ͍Δ௖఺ʹͱͲ·Δͱ͢Δɽӈ·ΘΓʹ௖఺
Λ 1ͭҠಈ͢Δ֬཰Λ qɼࠨ·ΘΓʹ௖఺Λ 1ͭҠ
ಈ͢Δ֬཰΋ಉ͡ qͱ͢Δ
(








P1 = 1− 2q, Q1 = R1 = q · · · 1©
Ͱ͋Δɽ͞Βʹɼ୊ҙʹΑΓ⎧⎪⎪⎪⎨
⎪⎪⎪⎩
Pn+1 = (1− 2q)Pn + qQn + qRn
Qn+1 = qPn + (1− 2q)Qn + qRn
Rn+1 = qPn + qQn + (1− 2q)Rn
· · · 2©
͜ΕΑΓ⎧⎨
⎩Pn+1 −Qn+1 = (1− 3q)(Pn −Qn)Qn+1 −Rn+1 = (1− 3q)(Qn −Rn) · · · 3©
1©ͱ 3©͔Β
Pn −Qn = (1− 3q)(Pn−1 −Qn−1)
= · · ·
= (1− 3q)n−1(P1 −Q1) = (1− 3q)n
Qn −Rn = (1− 3q)(Qn−1 −Rn−1)
= · · ·
= (1− 3q)n−1(P1 −Q1) = 0
͢ͳΘͪ⎧⎨
⎩Qn = Pn − (1− 3q)
n
Qn = Rn
· · · 4©
2©ɼ 4©ΑΓ
Pn = (1− 2q)Pn−1 + 2qQn−1
= (1− 2q)Pn−1 + 2q(Pn−1 − (1− 3q)n−1)
= Pn−1 − 2q(1− 3q)n−1
= Pn−2 − 2q(1− 3q)n−2 − 2q(1− 3q)n−1
= · · ·
= P1 − 2q((1− 3q) + (1− 3q)2 + · · ·+ (1− 3q)n−1)
= (1− 2q)− 2q × (1− 3q)(1− (1− 3q)
n−1)
1− (1− 3q)
= 1− 2q − 2
3
































ޙʹ Sઌੜ͕௖఺ Aʹ͍Δ֬཰Λ anͱ͢Δͱ͖ɼ
࣍ͷ໰͍ʹ౴͑Αɽ











































































(2) n෼ޙʹ Sઌੜ͕௖఺BɼCʹ͍Δ֬཰Λ bn, cn
ͱ͓͘ɽ·ͨɼn = 0 (࠷ॳͷঢ়ଶ)΋ߟྀʹೖΕɼa0 =
1, b0 = 0, c0 = 0ͱ͢Δɽ͜ͷͱ͖ɼ⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
































































































































































































































͍Δ֬཰Λ bnɼ௖఺C ʹ͍Δ֬཰Λ cnͱ͢Δɽ͜ͷ
ͱ͖ɼn+ 1ඵޙʹ͍ͭͯɼҎԼͷ઴Խ͕ࣜ੒ཱ͢Δɽ
an+1 = (1− p− q)an + qbn + pcn (1)
bn+1 = pan + (1− p− q)bn + qcn (2)
cn+1 = qan + pbn + (1− p− q)cn (3)
͜͜Ͱɼ͢΂ͯͷ nʹ͍ͭͯɼ఺P͸ࡾ֯ܗͷͲ͔͜
ͷ௖఺ʹଘࡏ͍ͯ͠Δ͸͔ͣͩΒɼan + bn + cn = 1
͕੒ཱ͢Δɽ͜ΕΛ༻্͍ͯͷ͔ࣜΒ cnΛফڈ͢Δ͜
ͱ͕Ͱ͖ͯɼ
an+1 = (1− 2p− q)an + (q − p)bn + p (4)
bn+1 = (p− q)an + (1− p− 2q)bn + q (5)





















q > 1− p− qͱ͢Δɽ͞Βʹɼ
p : q : (1− p− q) = a : (a+ r) : (a− r)





r2 · (3r2)n−22 ( n ≡ 0 (mod 2) )






3 · (3a)n ( n ≡ 0, 1, 3, 4 (mod 12) )
(3a)n − 2kn
3 · (3a)n ( n ≡ 2 (mod 12) )
1
3
( n ≡ 5, 11 (mod 12) )
(3a)n + kn
3 · (3a)n ( n ≡ 6, 7, 9, 10 (mod 12) )
(3a)n + 2kn























an+1 = pan + qbn + (1− p− q)cn (n  0)
bn+1 = (1− p− q)an + pbn + qcn (n  0)
cn+1 = qan + (1− p− q)bn + pcn (n  0)
an + bn + cn = 0 (n  0)




an+1 = (2p+ q − 1)an
+ (p+ 2q − 1)bn + (1− p− q) (n  0)
bn+1 = (−p− 2q + 1)an + (p− q)bn + q (n  0)
a0 = 1, b0 = 0 (ॳظ৚݅)
(2)
ͱͳΓɼҎԼͷΑ͏ͳมܗΛ͢Δɽ
an+1 + kbn+1 = {−(k − 2)p− (2k − 1)q + (k − 1)}an
+ {(k + 1)p− (k − 2)q − 1}bn + {−p+ (k − 1)q + 1}
্ͷࣜΛҎԼͷΑ͏ͳܗʹ͢Δ͜ͱΛ໨ඪͱ͢Δɽ
an+1 + kbn+1 + γ = α(an + kbn + γ)
⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
an+1 + kbn+1 + γ =
{−(k − 2)p− (2k − 1)q + (k − 1)}×{
an +
(k + 1)p− (k − 2)q − 1
−(k − 2)p− (2k − 1)q + (k − 1)bn + γ
}
−(k − 2)p− (2k − 1)q + (k − 1) = 0
γ =
−p+ (k − 1)q + 1
−(k − 2)p− (2k − 1)q + (k − 2)
(3)
k =
(k + 1)p− (k − 2)q − 1
−(k − 2)p− (2k − 1)q + (k − 1)
∴ (1− p− 2q)k2 − (1− p− 2q)k + (1− p− 2q) = 0
∴ k2 − k + 1 = 0







−(k− 2)p− (2k− 1)q + (k− 1) = 0ͱͳΔ৚݅Λߟ
͑Δͱɼ
− (k − 2)p− (2k − 1)q + (k − 1) = 0
∴ (1− p− 2q)k = 1− 2p− q






͖ɼ−(k− 2)p− (2k− 1)q + (k− 1) = 0ͱͳΔɽٯ
ʹɼ1− p− 2q = 0ͳΒ͹ɼ1− 2p− q = 0Λຬͨ͞












−p+ (k − 1)q + 1

























−p+ e± 23πiq + 1√
























































































































































3πi + (An − 1)e
− 56πi√
3















































































㛵㐃༢ඖ㸸ࠕ෇ࡢᛶ㉁ ࠖࠕ┦ఝ ࠖࠕ୕ᖹ᪉ࡢᐃ⌮ࠖ࡞࡝ 











































































































   CP2㸻CB࣭CA 




















































P Q Q 
























    QAQB㸻QCQD      
Q࠿ࡽ෇O´ ࡟᥋⥺ࢆᘬࡁࠊ᥋ⅬࢆT࡜ࡍࢀࡤ 






























































































































































































































































































































ࡔࠋ AD ࡜ BC ࢆ┤ᚄ࡜ࡍࡿࠋ෇ࢆࡑࢀࡒࢀᥥࡃࠋ
ḟ࡟㸪෇ᘼ AD ࡢ୰Ⅼ E㸪෇ᘼ BC ࡢ୰Ⅼ F ࢆࡑ
ࢀࡒࢀṇ᪉ᙧࡢෆഃ࡟࡜ࡾ㸪┤⥺ EF ࡀ෇ᘼ AD㸪
BC ࡜෌ᗘ஺ࢃࡿⅬࢆ G㸪H ࡜ࡍࡿࠋ࠶࡜ࡣ㸪┤⥺ 
GD㸪GA㸪HB㸪HC ࢆᘬࡅࡤࡑࢀࡀồࡵࡿṇ᪉ᙧࡢ 4 
㎶࡜࡞ࡿࠋࡇࡢゎࡶࡇ࡜ࡉࡽ࡟ゎㄝࡣせࡽ࡞࠸ ࡜ᛮ࠺
ࡀ㸪ࡦ࡜ࡇ࡜ࣄࣥࢺࢆ㏙࡭ࡿ࡞ࡽ㸪ᘼ AE ࡀ ෇࿘ࡢ 

























































3㸬 ࢥࢡࢭࢱ࣮㸦2009㸧ࠗ ᗄఱᏛධ㛛 㸦࠘ୖୗ㸧ࡕࡃࡲ
Ꮫⱁᩥᗜ 
4㸬 Yvonne et Rene Sortaisⴭ㸭ᡞ⏣࢔ࣞࢡࢩဴヂ 
 㸦2002㸧ࠗ ࡞ࡐึ➼ᗄఱࡣ⨾ࡋ࠸࠿࠘ᮾிฟ∧ 
5㸬 ➲㒊㈆ᕷ㑻㸦1956㹼㸧ࠗ ၥ㢟ゎἲ㸸ᗄఱᏛ㎡඾࠘
➨ 2∧ ⪷ᩥ♫ 
6㸬 ᪥⤒ࢧ࢖࢚ࣥࢫ 2018ᖺ3᭶  ྕ
   ᪥ᮏ⤒῭᪂⪺ฟ∧♫ 
                㸦2018ᖺ ᭦⛉㸧 
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㻌㻌
 ͕ΚΕͶʤࠕޛ͹ఴ๮ʥ
ᮏᰯᩘᏛ⛉ࡢ 㻿㻿㻴஦ᴗ࡟㛵ࢃࡿ◊✲࡛ࡣ㸪㛤Ⓨᩍᮦ
ࢆ୰Ꮫ࣭㧗ᰯࡢ᪤Ꮡࡢ࣒࢝ࣜ࢟ࣗࣛࡢ୰࡟఩⨨࡙ࡅࡿ
ࡇ࡜࠿ࡽࡣࡌࡵ࡚㸪㏻ᖖࡢᤵᴗ࡛⧞ࡾ㏉ࡋᐇ㊶ࡋ࡞ࡀ
ࡽὙ⦎ࡋ࡚ࡁࡓࡶࡢ࡛࠶ࡿࠋࡋ࠿ࡋ㸪๓㏙ࡋࡓࡼ࠺࡟㸪
ࡦ࡜ࡘࡦ࡜ࡘࡢᩍᮦࢆ᏶ᡂࡉࢀࡓᩍᮦ࡜⪃࠼ࡿࡢ࡛ࡣ
࡞ࡃ㸪ࡍ࡛࡟ᐇ㊶ࡉࢀࡓᩍᮦ࡟ࡘ࠸࡚ࡶ㸪⏕ᚐ࡟ࡼࡿ
᪂ࡓ࡞ゎ㔘ࡸ㸪ࡲࡓᩍᖌ࡟ࡼࡿ᪂ࡓ࡞ᕤኵ࡞࡝ࢆ┒ࡾ
㎸ࢇ࡛෌ᗘᐇ㊶ࡍࡿ࡜࠸࠺ࢧ࢖ࢡࣝࡶྵࡵ࡚㸪ᩍᮦ㛤
Ⓨ࡜࡜ࡽ࠼ࡿ࡭ࡁ࡛࠶ࢁ࠺ࠋᩘᏛ⛉ᩍဨ◊ಟ఍࡛ࡣ㸪
༠ຊᰯ࡟㉱ࡁ㸪༠ຊᰯࡢ⏕ᚐࢆᑐ㇟࡟ᮏᰯᩍဨࡀ◊✲
ᤵᴗࢆ⾜࠺ྲྀ⤌ࡸ㸪ᮏᰯ㛤Ⓨᩍᮦࢆ࣮࣋ࢫ࡟㸪༠ຊᰯ
ࡢඛ⏕᪉࡟㸪⮬ᰯࡢ⏕ᚐࢆᑐ㇟࡟◊✲ᤵᴗࢆࡸࡗ࡚࠸
ࡓࡔࡃ➼ࡢྲྀ⤌ࡶ㸪ࡇࡇᩘᖺ᮶࡛⾜ࡗ࡚࠸ࡿࠋࡲࡓ㸪
࠶ࡾࡀࡓ࠸ࡇ࡜࡟㸪ྛ✀Ꮫ఍࡛ࡢ◊✲Ⓨ⾲ࢆࡁࡗ࠿ࡅ
࡟㸪ࠕ⮬ᰯ࡛ࡶࡇࡢᩍᮦࢆᐇ㊶ࡋ࡚ࡳࡓ࠸ ࡜ࠖ࠸࠺⏦ࡋ
ฟࢆ࠸ࡓࡔࡁ㸪ᐇ㊶ࡋࡓ⤖ᯝࡸ⏕ᚐࡢឤ᝿ࢆ㏦ࡗ࡚࠸
ࡓࡔ࠸ࡓ࡜࠸࠺౛ࡶ࠶ࡿࠋ㛤Ⓨᩍᮦࡢ᭷ຠᛶࡢ᳨ド࡜
࠸࠺ഃ㠃࡜୪⾜ࡋ࡚㸪ࡼࡾⰋ࠸ᩍᮦ࡬࡜Ⓨᒎࡉࡏࡿ♏
࡜ࡋ࡚ࡶ㸪ࡇࡢࡼ࠺࡟ᩍᮦ㛤Ⓨࡢࢿࢵࢺ࣮࣡ࢡࢆᗈࡆ
࡚࠸ࡃࡇ࡜ࡣ㸪௒ᚋࡉࡽ࡟㔜せᛶࢆቑࡍ࡛࠶ࢁ࠺ࠋබ
㛤ᤵᴗ࣭◊✲༠㆟఍ࡸ㸪㻿㻿㻴ᩘᏛ⛉ᩍဨ◊ಟ఍࡞࡝㸪
ᚑ๓ࡼࡾᮏᰯᩘᏛ⛉࡛ࡣ㸪௚ᰯࡢඛ⏕᪉࠿ࡽ┤᥋ពぢ
ࢆ࠸ࡓࡔࡃᶵ఍ࢆ⥅⥆ⓗ࡟タࡅ࡚࠸ࡿࡀ㸪௒ᚋࣇ࢕࣮
ࢻࣂࢵࢡࡢ௙⤌ࡳ࡟ࡘ࠸࡚㸪㼃㼑㼎ࢧ࢖ࢺࢆά⏝ࡍࡿ࡞
࡝㸪ࡼࡾ㞟⣙ࡋࡸࡍ࠸ࡶࡢࢆࡘࡃࡗ࡚࠸ࡃࡇ࡜ࡶ኱ษ
࡛ࡣ࡞࠸࠿࡜⪃࠼ࡽࢀࡿࠋ㻌
⏕ᚐࡢᩘᏛⓗάືࢆᨭ᥼ࡍࡿྲྀ⤌࡜ࡋ࡚ࡣ㸪㻿㻿㻴஦
ᴗ➨ϫᮇࡼࡾጞືࡋࡓᩘᏛ࢜ࣜࣥࣆࢵࢡ࣮࣡ࢡࢩࣙࢵ
ࣉ࡟ࡘ࠸࡚㸪㻞 ᖺ┠ࡢ௒ᖺᗘࡣࡉࡽ࡞ࡿヨ⾜ࢆ㔜ࡡ㸪
௚ᰯ࡜ࡢ༠ຊ࣭༠ྠᏛ⩦࡟ࡘ࠸࡚ࡶྲྀࡾධࢀࡓࠋᘬࡁ
⥆ࡁ㸪㼀㻭࡛࠶ࡿᮏᰯ㻻㻮ࡢពぢࡸ㸪ཧຍ⏕ᚐࡢពぢࢆ
྾࠸ୖࡆ࡚㸪ḟᖺᗘ௨㝆ࡼࡾ㐍ࢇࡔྲྀ⤌࡬࡜Ⓨᒎࡉࡏ
࡚࠸ࡁࡓ࠸ࠋ
㻌
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